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ABSTRACT

To describe the surface morphology of a fourth order drainage
bagin loeated in the North Dakota Badlands, the writer made quanti-
:ﬁtive applications of known descriptive techniques and morphological
lawa~'

The surface configuration is a function of the study area's
linear, areal, and relief properties and surface elements. The linear
and areal properties are determined from maps showing the drainage
basin's surfeace geometry, the relief properties are determined from
large~acale topographic maps of the ares, and the surface elements are
determined by direct field measureéements of the ground slopes, surface
materialg, and vegetal coverage.

The surface geometry of ihe drainage basin is expreased by the
relationship between the numhér of atreams, stream lengtha, basin areas,
and stream order numbersj while, the characteristics of its erosional
tapogfaphy sre defined by the slongation ratio, coanstant of chanael
main:enance,‘tex:ure ratio, drainage denaity, stream frequency values,
and a hypsometvric analysias. Méps of the surface elements and their
associated frequency diatribﬁzions'repteseqt the areal location and
rvelative magnitude of the different clakses composing each componant
ot the surface elements,

Thé descriptive forms representing the &tudy area are analogous
to many of those revealed in comparative studies of other bsd;and areas;

however, some of the study area's topographic aspects appear to be

unique to the North Dakota reglon,
viii




CBAPTER I

This paper presents a systematic description of the surface

morphology of a small drainsge basin in the North Dakota Badlanda.
The land surface configuration is resclved into its component parts
go that a complete description of ita properties can be characterized
in specific terms element by element; hence, an attempt is made to
syntheaize the planimetric raw landscape into & significant series of
functional interlinksges which will effectively benefit both the pure
and the applied aspects of geomorphology.

The emphasis of the study i1a upon the dimensions and arrangements
of surface patterns, slopes,; and surfsce materials rather than upon the
dynamic processes of erosion and transportation which shaped the land
forma. Eroaional processes are, however, considered to a limited extent

in cooxdination with discussions on certaln aspects of surface morpbology.

The study srea ia located in the South Unit of the Theodore
Roosevelt National Memorisl Park, Billings County, North Dakots,
(Figuze 1)«1 It {8 a tributary basin to Jones Creek. Jones Creek

flows through the central part of the park approximately 10 miles north

s point near the center of the drainage basin is located
46° 57' 40" North Latitude, 103° 28% 20.4" West Longitude.




[

LOCATION

OF

:w-\f'§ v,L/ I\L/“

STUDY AREA

THEODORE ROOSEVELT
R (NATL, MEM. PARK
w - (SouTH UNIT)

BILLINGS COUNTY

./—"\-""*'-\\_,‘

STUDY AREA

Fig. 1.
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of Medora, North Dakota, and empties into the Little Missouri River,

The longitudinal orientation of the drainage basin is in a southwest ‘;1}
to northwesterly direction. The east-west trend of the major diéin#ge
channels thus causas & pronounced effsct of micrﬁclimatie environments,
Ihaaé effgetn are evidenced by the differvence in vegetation, slopes,

and surface materials present on opposing north and scuth facing slopes.

‘ The area was chosen for study because the badland topography of

/ Rorth Dakots contains well-developed drainage basins in homogenous
lithology, ntructutu, and climate wvhich are smgll enough to be surveyed,
mapped, and atuéied in det;il. The Badlands of North Dakota ave
composed of Paleocens~age rocks which are primarily poorly cemented
sands, clays, and ailtgeem;z These materisls have been extensively
eroded into buttes and gullies; largely by the work of running water
aided by other natural agents such as mase movements, wind and burning
lignite. Burning lignite beds have bsked and fused overlying sands,
shales, and clays causing a hardening of the material into cliaker beds
(locally called "scoriam beds"). Clinker beds ave resistant to ercsion
and thus fmrmAeaps for the éavtiaément of b&tﬁen and other high areas.>
1 : The éra&aage bagin covers an avea of 0.15 aquare milea. It
contains four mejor intrabssin ridge crests, all capped by clinker beds.
The ridge crests in turn cause four major bifurcations in the drainage
system of ﬁhe basin. The dz&in;ga channels of the bagin are entirely
ephemexsl and numercus in oumber, ranging from minlature finger-tip

rills to large gullies having 6 to 10 feet high nickpoints near the

31b£d.

—




4
mouth of the basin. An idea of the actual appearance of the drainage

baain may be gained from Figures 2 and 3,

Provious shic 8

Little gesmorphic work bas been done in the Badland srea of North
Dakotp, Laird, Chairman,; Department of Geology, University of North
Dakota, guve a general description of the physiiagr-&phy and topographic
’appmme of the ares in 1950 when he published s bulletin entitled

_!;’g_g}s.‘" Hamilton, a graduate sfudent in geology at the University of
North Dakota, did thesis research in the sree In 1966.> His study was

primarily concerned with the dynamic processes involved in the fluvial
ercaion of gullies in the western North Dakota area. Most of the work
Hamilton did in the park was in the Jones Creek area. The Unlted States
Geological Survey is presently compiling and priating large<scale 7.5
minute topogpraphic maps of the arsa, |

Schumm did & geomorphic study similar to this one on & small
badland areéa at Perth Amboy, New Jermy..a His study was concerned with
both surface morphology and ervsional procegses) however, the emphasis
of his study was on erosional processes. Hevertheless, his report
contains valuable information which can be used as & comparison with the

results of ﬁiia gtudy.,

};’I}}id +s DD 1-18.

>fhomas M, Hemilton, "Becent Fluvial Geology in Western North
Dakota® (unpublished Master's thesis, University of North Dakota, 1967).

6




Fig. 2--Airphoto stereo pair of study area.




Fig. 3--Ground view of drainage basin looking toward basin terminus.




Climate of the Study Area

The study area hag a semi-arid climate {BSk Kbppen) which is

typleal of middle latitude steppe lands having. 1imited precipit:ation

FEUR———

and at least one month with an average ;emyera:ure,bqlwmggﬁg. The
égaaestmetearelagical station {8 at Medors, North Dakots, approxi-
mately 10 miles south of the study arsa. The climatic data used in
this paper were compiled from a 30 year period (1930 to 1960) of that
atation®s records.

imst of the WWMMm f&lla during the summer months,

e
.

s It
A A 2. RETTIT -

which ia alao the periaé of maximum a\mpo—tranapimtian. The greci.pi—

o T 0 g

mtitm ca:u va:y a grem: daal from’ yeaz: to year, hehize, it, along with
other alimatic ﬁctom, can spe}.l abundance oY disas::er for the vegetsa-
tinn 1 and wildlife of i:hé”area. The average annual precipitation in
t:ke areg is 13.9 tanches, 75% af which accum dm’ing ‘the six mrm mnnnhs
and 50% during the months ei Kay, Jxme. ané July. A procipitation
summary of Medora, North Daketa, is priggteé ir Table 1.

The siudy area haa an annual memmze range of approximately
1259F., ; the lowest mean mmthly temperature (10.69F.) occurs during
Jarwazy sod the hishest meaamnzhly temperature (69°F.) oceurs in

August, A temyeraﬁuze'iammary féﬁ Medora, North Dakota, 1ls presented

in Table 2.
Vegetation of the Study Avea

The occurrence of vegetation in the study arvea 1ls dependent upon
the nature of the land surface. Such factors as the degree of soil

development, slope exposure, altitude, moisture conditions, and other

71*19:2;1; Dakota Economic Development Commission, A Combination of
Factg About North Dakota, Compiled by David Torkelson (Bismarck: North
Dakota Economic Development Commission, 1964), p. 15.




TABLE 1

PRECIPITATION RECORDS FOR MEDORA, NORTH DAKOTA
(1930 to 1960)3

Rain or Water Equivalent
of Snow in Inches Mean
, , , — o Snowfall
‘ in
Month Maxinum Minimum Inches
Mean Recorded Recorded

Jan. &5 1.98 04 5.2
F@bg 550 1.2% 07 5.9
Mar. 64 1,58 .06 5.1
Apr, 1.02 & 40 00 2.0
Jun. 3.29 7.70 .65 *
Aug, 1.46 3.81 .26 0
Oct, 80 2.35 ™ , 1.3
th 656 2.66 T* ) . 3.6
%‘cr * .2? , 1:63 100 3«1
Tr, | 13.93 21.25 10.61 28.6

#Trace of precipitation.

ﬂBai:a fimm Eaited sums Department of Gmxezce Buliet:in Iios.

Snat:es Gmrermnent i’fint:ing foma).




TEMPERATORE REGORDS FOR MEDORA, NOURTH DAXKOTA
{1930 to 1360)2

TABLE 2

Means in OF.

Extremes in °F,

Haximum Mindmum Monthly Highest Lovwest
Month Daily Daily Average Recorded Recorded
Jan. 26.7 1.6 10.6 58 49
Peb., 32.7 5.3 17.9 67 ~35
Mar. 39.0 13.7 26.0 77 -33
Apr. 57.% 27.0 42,2 92 - &
May 70.7 38.3 54.7 94 12
Jun, 77.5 48.5 63.0 100 28
Jul. 86,8 53.5 70.2 109 35
Aug, 86.5 51.7 €9.0 110 29
Sep, 74,4 39.7 57 .4 165 13
Oct., 62.3 23.2 £5.4 93 -4
Nov. 62,7 16,4 30.3 72 «25
Dec, - 34,5 7.7 19.6 59 - 38
Yr. 37.8 27.5 42.2 110 49

86-28 and 1128, G

tnited States Gavéinﬁantirriuting ﬂff&cei

aﬁsta ﬁraa ﬂnited States Bepaztment of Commerce Bulletin Noa.
d _States (Washington:




19
factors Coo numerous to mention determine the type and density of
vegetation located in specific aress within the bssin. The most
commomly occurring trees and shrubs are the creeping and Rocky
Ksaa&ain red cedars, sagebrush, and a2 few gpecies of deciduous treea.
The grass types of the ares are primevily buffalograsa, western blue~

greag, and bluebunch wﬁeatgxaas.g

A& morphologic study of the surface geometry and surface elements
in & specific drainage bagin requires the measurement of ite linear
propertics, areal properties, and relief properties. The first two
properties ara planimetrie, whereas, the third i# concerned with
vertieal inequalities of the drainage bagsin forms,

An investigation of the linear and areal properties of the
drainage baslin ngcessitated the eonstruction of a large-scale map
showing the surface geometry of the basin so that planimetric measure-
ments asul@ be made with s reasonable degree of sccuracy. The map was
made by enlarging 1317920 ascale airphotos of the basin into a 1:2100
ascale wmap of the surface geometyy. The map was field checked 6uring
the earxly part of June, 1957, and found to be accurate within 10 feet.
A reduced copy of the map is presented in Plgure 4.

' The Strahler method of stream channel ordering is used in thise
report for purposecs of identifving linear gtream messurements with the

proper category of ehanneis.9 A first order stream as it is used in

azdentification was wade in :he field with the help of Orin A.
: akota Plants (Fargo: HNHorth Dskota Institute

for Regional sm&m'.' Kaight ’rrz.amxg Company, 1950).

(Bulietin Gaalagiasl seciety of Americn, vblane 26, 1952 R 5. 1120.
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this st:udy iz defined as the most ﬁngér»tip chafmei which can be
identified a8 a stream chennel from 117920 scale airphotos. The mest
finger«tip streams, as shown on the base map (Figure 4), are first
order streams,

J. F. Woodruff and L, J. Evenden studied airphotos to determine
the acc&rmzy of geomorphic meagurements. Their study showed that
measurements from airphotos were as accurate or more accurate, than
similar measurements takén from large-scale topographic maps when
such measurements weve compared with field measursments of the area
under consideration.l® Thus, because the base maps compiled for this
study were checked for accuracy in the field, the sccuracy of the
planimetric meagurements of the drainage bagin's linear and areal
praperties should be greater than 90%.

The investigation of the relief properties of the basin required
the use of a contour map. The hrgejt,k wmost accurate contour map
avallable for the atudy ares was the Fryburg Northwest, North Dakota,
7.5 minute quadrangle (scale 1:2400).21 A1l relief measurements of

the study asres were based on the contours of the above mentioned topo-

graphic map. All measurements of area were made from the base map with
a4 Keuffel and Eaae;: Model 620015 Compensating ?eigr Planimeter using
the factory determined tracer amm setting of 20, 31, All measurements
of linear featuves were made from the base map with a cmve;ﬁibml

chartometer.

107ames ¥. Woodruff and Leonaxd J. Evenden, Geomorphic Measure-
From Air Photog (The Professional Geographer, Volume 14, May,

v 1m1s map was published and edited by the United States
Geological Survey and conforms to national map accuracy standavds,

4 ' _
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The investigation of surface elements of the drainage basin
such as glope angles, vegetal coverage, and surface materials required
actunl field meqsurements because such characteristics canaot readily’
be determined f£rom topographic maps and airphotos. To determine th-
above charscteristics the author apént two weeks in the study avea
during the early part of June, 1967, taking field measurements. The
above characterigtics were detormined by runaning a traverse around
the basin rim making regular stops every 300 feet snd measuring along
lines orthogonal to the slope, downward to the atream channel.
Measurements were made at regular intervals between 150 and 200 feet
apart along the orthogonal lines botween the bagin vim and stream
channel, The interval ysed depended upon the length of the line
between the besin rim and stream channel; when the length wasg grest
the larger interval was used and when the length was smaller the leaser
interval was used. A minimum of three measurements was made along
each orthogonaal line. This procedure was followed until the entire
drainage bapin,; imcluding the intrabesin ridges, was covered,

The slope angles were determined with a Brunton compass and &
3 foot long, 2 inch by & inch straight edge. The straight edge was laid
along the line orthogonal to the slope at each regularly spaced intervsi
or gtation. The compass was thon placed upon the straight edge and the
glope of €hé straight edge itself was read directly as a tepresentaticn
of the slope angle at that point. The primary function of the straight
edge was to eliminate micraftspogragkie irregularities.

| The vegetation coverage was estimated at each regularly spaced

station along the orthogonal line with tha'belp of the straight edge used

. in taking the slope readings. The straight edge had lines drvawn on it
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dividing it into gquarter sections and was dropped arbitrarily in three
places at each station., The vegetal cover wds estimated in percentage
at each dropping as being equivalent to the percentage of arca of the
gtraight edge lying onm ground where aome type of vegetation (usually
grass) was growing. The meen estimation of the three droppings was
recoxrded at each station.

The surface material at each station glong the orthogonal iline
was determined ag being either exposed bedroek, poorly developed goil,
gell-developed soil, or alluvial fil1l. Exposed badrock was recorded
in areas wheve bedrock outerops had little apparvent soll cover. Poorly
developed soils were recorded when the aurfaée wag light in color, the
soil shallow in depth, and litctle if any humus present. Well-developed
soils were vecorded when the surface wap dark and the soil deep with
a8 thick humus laver. Alluvial £11l was vecorded where the sediment
was found ko aonzainkahgndant clinker; becauvse the only place clinkex
ig found in place in the bagin i8 along the ridge tops. It was often

necessary to dig a hole about 1 foot deep to determine whai material

was present,




CHAPTER II

MORPHOMETRY OF THE STUDY AREA

Stresm Ovders

Certain laws of dvainage composition which sssume orderly
development of the gemstrical qualities of open drainage systems
were first introduced into North America by Robert E. Horton., His
first law of drainage empeaiti&n is stated as follows: "“The number
of atreams of different orders in & given drainage basin tend clogely
to approximsdte an inverse geometric saxies in which the first term is
unity and the ratio iz the bifurcation ratio, "2 When such a geometric
sequence exlsts for 8 given set of data, the points resulting from a
graph of the logarithm of the aumber of stream gsegments against their
respective strgam crders should yleld a straight line. Data from the
study area were graphed in the above manner. The results may be observed
in Pigure 5. The graphed data show a noticeabls deviation from the
regression line nesr the teminal end of the drsinage basin. This
indicates that the geometric prograssion ia' not c¢loasely observed in

the higher oxder s:ru‘m sagments. However, when the graph was compared

(Bullet:in Gaa?}.agicai Seaemgy A loe Volume 36, 194%) b. 291,

15
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Logarithm of

Stream Number of Number of
Order Streams Streams
1 61 1.79
2 16 1.20
2.0+ 3 3 0.477
4 1 0.000
1.8+
1.6
£
b= 1.4
4]
4
34
o
Y 1,2 4
[}
-4
@
O
§ 1.0
Z
S
E 08"
=
4d
T
« .6 ~
&0
o
]
A -
2
0
1 1] T

B wdy

1 2 3
Stream Order
Regression line equation: y = 2.396 - 0.612x

Coefficient of correlation: r = -~0,985

Fig. 5--Relation of number of streams of each order to
order number.
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with those from simliisr studies by Schum?'3 and Strahlert® the regults
indicated a general similarity; hence, there i3 no reason to believe
that a basic discontinuity exists in the data representing the study
area, Generally, Figure 5 confiyms an inverse geometric sequence
between stream ovder and the number of stream segments as suggested

by Horton's lav.

Bifurcation Ratio A

The bifurcation ratio is defined by Strshler as the pumber of
gtream segments of é given order Lo the number of segments contained
in the next higher :sréex‘lg For exgnple; 3 basin mmmmg five
second-order streams and 20 fiiwt:*aéfcier streams would have a bifurcation
ratio Vvalue of 4. The bifurcation ratio is not always the same between
different e:r'deta becavae of chance variations in !:'hek basin geometry.
it does, hméver, tend to become 2 eomstant throughout a series of
congecutive stream ovders within & givea drainage basin. ,

The bifuzrcatlion ratioc Abe-tw’em any two stream orders has iittle
meaning bjr itselfy hence, the #&ightéﬁwmean bifurcation tatic was
calculated for the gtudy area in. scecordance with a method uged by Schumm.
He obtained the weighted-mean bifurcation ratic by multiplying the
bifurcation rétio for emch successive pair of stream orders is a drain-
age basin by the tozal number of streams involved in Vthe ratio and taking

16

the mean of the sum of the values. = The welghted-mean bifurcation

13%1%; op. fﬁitu, P 603,

Lbprihur N. Strabler, "Quani:itative Gemrphelagy of Drainage
Baging and Channel ﬁetwrks, aed. Chow, H ,
seﬁe 4"11 (1984}‘ Pﬁ s R

13ynia,

16gehumn, op. cit., p. 603.
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ratic for the study ares is 4.1 (Table 3). Bifurcation ratios charag-
terigtically range between 3 and 5 for watersheds in which the geologic
structure does not distort the drainage pattera.’” Hence, the bifur~
cation ratic of 4.1 for the study avea conforms to theovetical values
pradicted on the bazis of previous studiss.

Bifyrcation ratios arc useful in predicting the character of
maximum-£lood discharges a3 well as being an expresaion of drainage
basin geometry. Drainage basing with bifurcation ratins vanging
hetween 2 and 5 tend to Bave s rotund shaped outline with the maximum-
flood discharge coming as a sharp peak rather than a low and extended
peak flow, which 1s characteristic of elongated drainage basins with
higher bifurcation xatins.xs: tﬁe author, while working in the study
area, observed that peaiwfloed discharge lasted only a short time
{approximately 3 minutes) and came at the culmination of a brief
thundershower which lasted about 30 mimutes. Sinee the hydrological
data necesaary for constructing & hydrograph of haain,disethge againgt
time wevre not awaiiable. it is imposaible to ascertain that basin
discharge conformg to predicted behavior. Field observations do,
Lowever, support the postualte that maximum hydraulic discharge occurs

during a short time gpan in the study area.

Stroam Lengtha
Stross lengths are dimensional properties that revesl the charac~
teriatic size of co@p@n@n#& of a drainsge network. Horton postulated

that the ratio of :he'msan stresm-segment lengths of a given order to

17strah1ar "yuantitative Geomorphology of Drainage Basins and
Channel Hetﬂcrks," op. clt., p. 435.

18yn14.

| | |
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TANIZ 3

(1 2) (3 (%)
Stroem Humber Bifurcation Humber of Products
Dedax of Rasio Sttreams af Gn!.m
Stresms Inwolved (2) and (3}
In Ratio

61

frok

3.312 77 293,5
ié . :
5,353 19 105.3

12.0

e

Sqm ’

Togal 100 410.8

£ Bffurcation Ratdo * mm%ﬂz of Streams Iavolved . ¢.4ced
im&er of Scram Invelved fn Ratie Bifurcation Ratic

4530,.8
W = &,108
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the mean length of the segnents of the next lower order tend to be a8

19 The

conatent throughout the successive orders of a drainaze basin.
weighted-mean of the stream-length ratio of the four stream orders in
the gtudy area is 1.4 (Table 4).

Assuming that the above law of stream lengths is valid, a graph
of the logarithm of mean stream lengths plotted against tﬁeix order
nunber should yield a set of points lying approzimately on a éz:might
iine. A number of studfes have confirmed this law with data from
masEy m:e:aheda.@ A graph of the stream length data from the study
area may Eve observed in Filgure 6. The mtveam length data representing
the study avea do not conform ~e;m¢-z:1y to a direct geometric sequence
but are closely aiauat,aze& around the regression line y = 0.328x + 1,87
with a coefficlent of cerraxgeim, r = 0.923,

?‘e?hﬁpa’ a reason why the data do not rigorously adhere to the
stream length law is because gemtrie similarity is not preserved

between tributary baging to the trunk stream of the study avea. An
obaervation of the base map (Figure 4) will reveal that the first and
third order stream segments fend to be disproportionately more elongeted

than the sccond and fourth order stream segments.

193‘3!‘3%; ap. cit., p. 291, V
20 achm, op. eit., pp. 604-603; L B. Leopold and 3. . Millet,

i }- ¥ : F TS LE J Y
‘?e . ﬁnit;eé 3z;am eealegmi Mey Pape:- htm 583-A 'ﬁashmstm%
United suees Gavermnt Prinugg atﬁcs, 1956), p. 13} Marte E.
ﬁarism, helation of Quantitat Gepmorphology, t the ream Flow fo

% o :ﬂ sheds of the ' gg;w L hign stennn 1“ tnce , uawl

amh Frafeca No. 3@%&&2 (New ?@rk: Golmhu H vemity Department
of %3}.‘0@‘ 1959}. PP« 48-50,
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TAHLE 4
DERTVATION OF WBICHTED-MEAN

STREAM-LENGTH RATIO

1) {2 {3) (4)
Stvesn Moan Betreen Yotal Mean Products
Ordear Length Length tLangeth Involved | of Columns
In Fest Ratio In Ratio {2) and (3)

167.6

292.2 ,
| .316 1212,2 384,64 1
925.0 ,

1.74 459 .8 800.05

1.84 2625.0 4830,00 ;

1700,0 |
|

Total 4302,5 6014,69 |

£ Stresu-Length Ratio . Mesn Leugth Tnvolved _ oo .
£ Hean Length Involved In Retis ' swf;n Ratio

6014.69

o 1,40

4302.0
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Mean Length Logarithm of
Stream of Streams Mean Length
Order in Feet of Streams
1 167.6 2.225
2 292.2 2.465
3 925.0 2.966
4 1700.0 3.123

3.4
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£
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g 3.0~
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<
g 2.4
W
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o
& 2.2
[

2.0

Stream Order
Regression line équation: y = 0.328x + 1.87

Coefficient of correlation: r = (0.923

Fig. 6~-Relation of logarithm of mean stream lengths to
order numbers.
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Leagth of Overland Flow

The length of overland flow has been defined as the lenzth of
flow path, projected to the horizontal, of non-channeled flow from a
point on the drainage divide o a point on the adjacent stream
channeiazz The average 1eng£h of overland flow for a particular
drainage besin cap be approximated by~calculitiag one-half the reciprocal
of the basin's drainage density.zz The length of overland fiow calceu=
lated for the study area is 105 feet. This distance, however, is not
entirely non-chapneled flow because mumerous uncountable surface rilis
exist outside the mapped stream chamnels, egpecially on the exposed
slopes. Heverthelesa, 4t is valid to say that 105 feet 13 the mesn
length of flow outside first-ovrder stream chamnels as they are defined
in this peper. The overland flow length 1s especially important in
the development of steep slopes along the high aveas of the basin rvim

where sheetwash is a significent evosional process.

Basin Area Relationships

As m@nﬁianed ¢arlier, the study arves eovers & planimeixic area
of 0,15 squaée miles. Each stream contained in the study area composes
& secondary drainage basin of its own, thus partitioning the main
drainage gystem into a series of gmaller secondary draingge basine. The
orderliness of these saaanduiy basins was expressed by Schumm in the
form of a law of basin areas: “The mean basin areas of streams of each

order tend to spproximste ¢losely a direct geometric serfes in which the

zjfﬂortm, op. cit.s P 284,

221bid.
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first term is the mean ares of the first order basins."?3 Measured
data from the study area conformed to the expected relationship
(Figure 7) even though earlier observations showed that the streams
composing the drainage basins did nnt'exa:tly adhere to the preacribed
lawas. The above semmingly antagonistic relationships exist because
second-order basins include the areas of all first-order basips which
amptylintn them and third-ovder basins include the areas of all second
and chirdvaxﬁer baging which empty into them and so forth; whereas,
the cumulative stream lengths of a given order do not inclode the
lengths of lower order streams. The orderly arrangement of the areal
elaments suggests that a regular symmetry exists between the secondary
drainage basins within the study srea independent of the fact that
the length of stream segments composing them does not form an exact

geometrical sequence.

Basin-Area and Stream~Leagth Relationships

Under the assumption that the laws of stream lengtha and basin
areas are valid, it follows that the atream-length meapurements should
be related to the basin~srea measurements., In the case of the study
sres, the form is the same as that of the stream-length and stream-
order relationship (Figure 6) because the basin-atea and basin-order
relationship (Figure 7) forms a direct geometrical progression;
wherras, the stream lengths only approximate the direct progression.
A graph showing the relation of stream lengths to basin areas way be

obgerved in Figure 8.

238¢hm, Qo « cit., P 608,
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Bagin Mean Basin Area Logarithm of
Order in Square Miles Mean Basin Area
1 .081  -1.0964
2 .10 -1.0000
3 C.12 - 9271
4 .15 ‘ ~ .8239

0.8 -

~-1.0 7

Logarithm of Mean Basin Area

-1.2

Basin Order
‘Regression line equation: y = 0.0904x - 1,188

Coefficient of correlation: rt = 0.949

Fig. 7--Relation of mean area of secondary basins to basin order.
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Order Mean Length of Streams
(Feet) (Logarithm)

Mean Basin Area
(Square Feet) (Logarithm)

1 167.6 2,225 2,258,150 6.3521
2 292.2 2.465 2,787,840 6.4440
3 925.0 2,966 3,345,408 6.5237
4 1700.0 3.123 4,181,760 6.6211
3.4 1
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Fig. 8-~-Relation between mean stream lengths and mean

basin areas.
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The significance of the stream-length sad basineares relationship
is that the amount of mean square area which any specific length of
stream channel drains may be ‘pradicma from the graph. Schumm defined
a similar property which he temed "constant of channel maintensance."
The constant of channel mainmm«;é {s the amount of mean square area
necessary for the development of one foot of stream chamez.% There
are a mmber of ways in which the constant mgy be determined. It wag
determined for the study area as a ratio of total basin ‘area to total

stream length and found to be 215 square feet for each foot of atream

1&&@@& .

Basin Shape
The shape of a drainage basin ig the geometrical form of ita

boundary when the basin is projected upon the horizontal datum plane

of a map., The outline form of drainage basins has been deseribed in

a mmher of ways. Horton depicted the outline of & normal drainage
bagin as a pear-shaped ovold and expressed it quantitatively as the
ratic of basin avea to the mquare of basin length.’” GChorley, Melm,

and ?@g&fmls&i expreggsed the mm&u:y of basin shape as the degres

of approach of its form to the pure lemmiscate form which quantitatively
is the ratio of the perime;;e::k of the lemniscate to the actual perimeter

of the busin,% A cireularity ratio vas defined by Miller as the ratio

241pid., p. 607.

gsﬁortmg op. eft.; pp. 303+304,

='26.1.' R. Chorley, Donsld E. G. Malm, and H. A, Pogorzelaki, "A
New Standard for Estimating Drainage Baein Shape," American Journal of
Science, Voluma 253, (1957), pp. 138-141.
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of basin ares to the area of 4 ¢ircle having the same perimeter as
the bagin., S8chumm used an elongation ratio to express the shape of
drainage basing, which i{s defined an the ratio of the diameter of a
circle baving the same area as the basin to the maximuwm basin length.28
Morisawa analyzed the accurscy of the above methods by applying them
to 25 watersheds in the Appalachisn Platesu arca. Her results showed
a significant regzression coefficient at the 5% level for only Schumm's
and Miller's ratios which compare drainage besin shapes to cireles.??

The bagin shape of the study area was determined m'aé‘cﬁrdame
with Schums's method and found to have an elomgation ratio of 0.632.
When elaagm;im rvatic values are near 1 they ixe associated with
regions of very low relief} while values in the range of 0;6&:«1 .8
are characteristic of regions with strong rellef and steep siapes.m
The ratio of 6&6.;32, which describes the study area, is fevmpnt&ble to
the elongation ratiocs of other hadland areas. For Mpie, the Perth

Amboy, New Jersey, badland ares has an elongation ratio of a.602,3

.mainage Bensix:y and Stream ?mquﬁncy
Draimge ‘density is the ratio of the total emmlxtive length of
atream channel segments for all orders within a given basin to the

areg of t:héﬁ, ha&im The cimizzage den»si.ty of the stmiy area was computed

ngcim op. eib., p. 612,

‘%nari.e B, uarmw. "Measurement of Baimge Bagin Outline
Form," Journsl of Geology, Voluine 66 (1958), pp. 587+591,

ms:;mmer, “Quantitative Geomorphology of Drainage Basine and
m81 ﬂﬁmrk"“ L+ < X @itt' P 31.

MNgehipem, op. cit.s p. 612.
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£rom the stream channels as they are shown on the base map {Figure 4}
and determined to be 24.46 miles of stream channel per sguare mile.
This value is significantly different from the 602 miles per aquare
mile of drainage density that Schumn determined in the Perth Amboy
badland »aten32 and the 200 to 400 miles per square mile Smith messured
in the Badlands National Monument, South Dakots.3? It should be noted,
however, that their studies were on plots much smaller in area than
the basin being studied here: hence, their measurements included the
aumerous rill-like channels; whereas, this study includes only those
stream channels identifiable from airphotos. |

The stre&m freqnanay;‘uhiah is the mumber of stream channel
gegmentd per unilt area, is 540 streams per square mile for the study
area. Both drailnage density and stream frequency are 3 measure of
the texture of a drainage network. The mumbers alone, however, are
not very useful without other values foyr eompariaon. Smith ‘p'mpesed
a texture r:é?;i;s which could be used to detemmine the c¢laas of topographic
texture withia & besin by compaving its ratio with given ratic values
for different classes of topographic texture. He proposed as a texture
ratio, the ratic of the number of crenulstions on ﬁ;e c.aﬁtour having
the mim nuaber éf srenulations within a drsinage basin to the
length Aaﬁ tha perimeter of the basin and establighed the following
divigions f@r ygussen of topographic texture: (1) emk’se texture has

& ratfo value below 4, (2) medium texture has ratlo values rauging

321p4.

33genneth G, Smith, "zwaimi F:fcmee&ga and !.-amifam in t:be
Badlands National Monument," Bgl al_Soc :
Yolume 69 (1958), p. 999.
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fram 4 to 10, and (3) fine textures include ratio values above 19‘34
The texture ratic for the study area was determined to be 18.2, making
the basin's texture very fine, as might be expected in an extremely

sroded badland ares.

Basin CGradient

The mean besin gradient messured zlong the major drainage
channel of the study avea 1s 8 feet per 100 feat. This is, however,
an unrealistic and misleading function when applied to the entire
study area since the longitudinal profile of any drainage basin
cénsiaca of a series of connected segments fyrom different stream ordevs.
When the basin gradient was ealculﬁtad for the firat and second stream
order portion of the besin apavt from the third and fourth stream order
portiom, a significant difference in gradient was observed. The
aradient of the first and second order portion was found to be 20 feet
per 100 feet; wheveas, the gradlent of the third and fourth order
portion was caleulated to be 4.4 feet per 100 feet, thus facilitating
a geneval upcomcavity in basin pzafiieﬁas A visual represenéatioa of
the longitudingl profile of the study area gnd the praportion occupied
by each stream order is indicated in Figuxe 9.

Giibewﬁ explained the upconcavity effect #8 a reguly of iocreasing

strean disaﬁarge because as diééharge inarenueﬁ‘ahnnael crosg-section

3éxenaeth G. ﬁnith‘ ”Szaudardn for Grading Texture of Erosional
Topography,” American Journ cience, Volume 248 (1950), pp. 655~

668,

35?&3 term ypeoncavity is used to indicate a persistant dowm~
atrean decregge in gradient.
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Distance From Head

of Basin in Feet Elevation in Feet

0 2560
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1385 . 2360
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3500 2280

2600+
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25004

24004

Elevation in Feet

2300
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T T T 1
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Distance From Head of Basin in Feet

Fig. 9--Longitudinal profile of drainage basin.
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also increases, thus, proportionately reducing the frictional loases of
the stream and enabling it te carry its bedload on a lesser gradient.36
Mackin later supported Gilbert by stating “each [atream] segment has the
slope that will provide the velocity required for transportation of all
of the load supplied to it irxom above, and this slope is maintained
without change as long as controlling conditions remain the same .37

The study area conforms to Gilbert's theory in one respect;
stream discharge does incresse dowmstream with increasing stream order.
However, the discharge increase within the study area does not seem to
trangport all the erosiooal material supplied to it from above; this
i3 contrary to what both Gilbert and Mackin have lmplied regarding
stream &i.?scizarge‘ A map representing the characteristic surface material
in the study svee (Figure 15) shows that the area occupled byv third
and fourth a{rder streams is compoged of eroaional £ill. This f£ill
is as much as 20 feet deep near the terminus of the drainage basin
and i3 primarily mahpamiblg for the upconcavity of the study area
profile. Ninety~five pexr cent of the ’drainsge network within the
gtudy avrea i3 composed of first and second order stream segments
with gradienﬁa: similar to those reprasented in the longitudinsl
profile of the study area (Figure 9). Exosional debris from the soft
Paleocene aééimentft ia thus dumped into third and fourth order atream
channels in such volumes that it is impoasible for the hydrological

discharge to tyansport them out of the basin. The overloaded stream

35{;. K. Gilbert, Rer h : the Henry Moup
United States Geographical ané Geolagi:&l ﬁumy ai i:he Racky Hmmuin
Region (Washington: United States Government Printing Office, 1877),
pp. 103-108. ,

373. R. ?laf.:k.in. "Concept of the Graded River,” Bulletin
2 7 o Y ARG T 1CH Voltm 59 (1948); P 491,
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deposits that part of its load which it cannot transport, and aggrades

itself producing a concave profile such as that represeated in the

stydy area. The effect of chamel filling in the area has been noted
by Hamilton and related to change in precipitation and climate thought

to occur in ecycles over an extended period of yeara¢38

Crosg-section Basin Geometry

The vase of transverse profiles is limited because accuracy of
construction 18 inhibited by the presence of small gullies, crests,
and apurs on the slopes. Consequently, the resulting form of a profile
is dependent upon the angle at which the traverse intersects the sﬁsll
surface {rregularities. Nevertheleas, a generalized shape of tke gtudy
érea along the major drainagg channel is rapreaeaiad in Figure 10 by
LXansverse pﬁaﬁilea acrosa the midpoints of second, third, and fourth
order stream channels. The profiles reveal the presence of steep slopes
on both the north and south facing valley wells and show no distinct
asymnetry within the basin.

The exposed scuth facing wall is more uniform and regular than the
unexposed north facing wall, This is primarily becsuse the north
facing wall, having less exposure, retains enough moisture for the
growth of veaetatiéu which in turn enhances the further development of
soil, When the moi{sture in the developad soil area reaches an optimum
point, the soil ia :ubjnctsé.ta maas movements such as sluaping and
creep which create the hummocky, irregular surface represented in the

cross-sections., On the other hand, the south facing slopes are exposed

3a!hamns M. Bumiltan. "ﬁate*BAcnnt Alluvium £n ngtern North
Dakﬁm " . - ; 4 £he S RERLAta N 3 . L 5

ey and Ad : .
ed. Lee cxaytan and Theedore ¥. Fracrs (erad Fatks' Horth Dakata
Geological Survey, 1967), pp. 133-136.
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Vertical Scale Second Order Horizontal Scale
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1 in. = 80 ft. 1 in. = 400 ft.

Third Order Stream

Fourth Order Stream

& .. North

Fig., l0--Transverse profiles of study area.
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cb direct radiation and therefore lack é good vegetation cover or
soil development. The surface is smootbly eroded by sheetwash and
rill erosion into the long, straight, aad steep walls as represented

in the diagram.

Hypsometric Analyais
A.hypsnmatzia @nalysis is the relation of horizontal cross-
Bection crainage-basin area to clevation, In general, it is a
quantitative sethod for detomnining the erosional atage of development
in & drainage basin. The mathod used to plot the hypsometric curve
representing the study sres,(éigux& 11) is beat explained by Sckumms
Data ave obtained from the topogrephic mep by measuring the
_ total area of each basin with a planime:er, then meaauring
the area between each contour and the basin perimeter above it.
Each ares is converted into & percentage of total hasin area so
 that a cumulative percentage curve can be plotted, each avea
value corresponding to & percentage of the total height of the
bagin. Using this hypsometiic curve it is possible to vead the
pereeﬁt&ge af total basin area above any percentage of total
height.d . . .
The araaaaititude relationships within the drainage basin are conse-
quantlykfeﬁéaleﬁ by & curve illustrating in dimeunsionless coordinates
the distrihﬁtian of mass wi:&ia;the drainage bﬁ‘iﬂikﬂ
~ Three stages of ercaion have been defined and related to the
design of dpeaific curvas ﬂh%éﬁ'rasult from the plotting of height
ratios againat area ratios they are (1) the inequilibziam stage,

(2} the equilihrium stage, nna (3} the monadnock phana.“l The curves

- 3chumm, op. eit., p. 614,

40y, B, Langbia and Gthera, Topegraph 14 3 Dyaingge
+ United States Geological Survey, Hbtar Survey Papar 968~C
(ﬁ&shingtua. ‘United States Covernment Printing Office, 1947), p. 140.

4lgerahler, "Hypsome tric (Area-Altitude) Analysis of Ercsional
Topography,” op. eit., pp. 1128-1132,
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Percent of Area Above Given Percent of Elevation
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Fig. 1l-~Curve representing erosional stage of study area.
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charactevistic of each stage ave depicted in Figure ll. Convex curves
with a large percentage of their avea in the higher elevaticns raepresent
the youthful inequilibrium stage. The diagonal elongeted 3s~shaped"
curve with approximately half of its area in high elevations and half
in low elevations represents the mature equilibrium stage. The low
concave curve with most of its area in the lower éievntiaua represents
the m@nadn@ek gtage.

The solid curve of 2igure‘1i, representing the stage of the
study ared, ia typical of equilibriym forms. This means that the
study area is primarily in slope and that geomorphic processes are
in a steady state.#?2 The fact that the basin {s said to be in the
equilibriun stage and therefore in @ ateady state does not mean that
the area will remain constant without further down-wasting. On the
contrary, the geomorphic processes constantly wearing away the study
area will continue as long as there is no radical change in the
present physiczl condition. It does mean, however, that the area
should remain in slope and at approximately the same iﬁciinatian,asV

it approaches the monadnock stage.

421114,




 boundary exists between the two categories. The fileld measurements

CHAPTER IIT

SURFACE ELEMENTS OF THE STUDY AREA

Maps are used {n this chapter to show the topographic distri-
bution of each surface element discussed. The location of the various
zones and classes of each element are represented by different shades
vf color supefimpasad over iadividual base maps showing the surface
geometry of the drainage basin. Dashed boundaries are drawn between
successively increasing or decreasing zones and classes to indicate a
transition zone from one aan#gory to another rather then a sharp
bresking point. Solid boundaries are used between the zones snd

claa&ea.whigh are not in succegsive order to lndicate that a definite

and values were recorded on a bage map in the field and transmuted into

naps éivtﬁa #iffereng surface elements by drawing isolines between the
values repraSaéting the different zomes and classes: Airphoto stereo-
pairs were ysed to help interpolags between known values aud to
esﬁabi&sa-tﬁejbaundaries in aveas between regular orthagonal lines
where no m&géﬁremanta were available.

An interpreter of the ﬁaﬁe may experience some confusion trying
to establish a perspective witb vedspect to relief since little elevation
information is used. To alleviate thia deficiency, symbols were used

to rapresent high aress such ag ridge crests and prominent escarpments;

38
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whereas, stream~channel gymbols were used to mark lower areas,

The maps are not without subjective conaiderations, However,
there is some justification for the subjectivity involved because,
ag Calef and Newcomb have stai:ed, "Jespite their appearance of more
or less mathematical preciseness all maps designed to depict quanti-

tative differences in terrain heve & high degree of sn’bjectivity.“"s

Slope Zoues

All landforme are cmpaﬁéé of assemblsges of individual slopes.
Hence, it fs difficult to accurately represent the slopes of landforms
in theix entir'e-cy because slope 1s 3n angular measurement of inclination
of the gma surface at a specific point., Nevertheless, a quantitative
and raai expression af slope in a given area can be cloaeiy appmximted
by partitioning the various smm fmata within an nma ingo a oumber
of d'iscxet@ zones ghowing aux;::essive degrees of slapef*"f ’me location
of ﬁhé described alope zones within an area can t.hen be expressed in
the form of & slope-zone map and the slope measurements within each
zone m be treated quaeitu:ively;

Siape mesgurements were made in the study axes using & regulsr
gumpling px:ace&ure and mthad'pwamly depcribed in the -iaéro&ueum.
The meagured data were pgrt;iiimd im;a four categdories which were
delmited dn'k!:'ﬁ'e basig of fou:ditt;inet slope facets found Vta: exist
ﬁﬁhin t;he drgmge basin mn'-a«lfreqwency dt,gtrihgtim of the messured

: ‘*%al«y calef and Eﬂb&ﬂ Nmoub. ”&u kvarnga Slo;:e Hap of
MQ. b:. Kil}.er and m::l.ea E, Smermm, "Slope~Zone Maps,”
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slope values was plotted (Pigure 12), The slope zones defined are:
1. 0% g 30 the gently conecave valley floor surfaces

2, 99 o 209 smooth grasswcovered slopes showing little
evidence of mass movements

3. 21° eo 40° Shummocky, unstable slopes with evidence of
recent maaa movements

4, #1% o 90° siopes where i{ntense erosion mintaina
steep, ‘smooth surfaces

A map showing the gurface dtaz:ributian of these zones wiszhin the siudy

ares is presented in Plgure 13,.

Fraquency Biggxihtztim of Siﬂgm‘g ‘

The ﬁ&gunncy 6151:?!.&3#1—% s:ﬁ slope {8 the proportion of the
total surface falling vithin edch slope zone into which the total
angular tmga éf slape*ﬁr are ﬁ‘z;’bdiviééd;“ The freqmacy é\ﬁatxibutiﬁn
ia fmmd by ine@saring the temarea each slope zone Qccupi::esy‘&:bd
&eeemiﬁizggj;wh&:t: percentage evrf‘ :d;;ii"ﬁas.in aves each,: m;mﬁ@m. A
visual apyra;;ﬁai of the slap:éi;f in the study area may b‘e' ﬂgaiée{affrom
the frequency distribution histogram in Figure 14. ,mézaeag;_\wrianee;
and ataaﬁaxfé éévhtién of tké 8lope meagurements from ea‘#h me are
presented in Table . - =

'ﬁie mm la a represantatim of the avevage value of slupe
within a given zone, the varia;ma is the mean of ttw sgwms af devia-
tions of mmred slope values from #:he mesn, and the atan&ard devia-
tion ix the aqﬂam root of the variance snd 3 measure aﬁ t;h‘e giapersian

af m;mm& alope values aixm’ti 'the mesn .

| "‘%wmr N, Strahler, "Quantitative Slope mzyﬁas‘ glist
sgological Society of cay Volume 67 (1956), p. 378.
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TABLE 5
FUNDAMENTAL STATISTICS OF THE SLOME ZOWES

Slope Zoums Mean Yariance  Standard Deviation

o% gp g% 3,700 321 1.792
9* go 209 13.33° 11.31 3.363
21% g0 407 31,199 26.16 ‘ 5,115

41% to 509 43.90° 10.26 3,205

Field Evosionsl Merasurements
A geries of sroaional measurements were maede to gain an ides
of the intenaity of erosionsl processes scting on the diffevent slopes
in the study avea. The messurements were wmade on the exposad valley
wvall at approximately 5 foot intervals along én orthogonal line from
basin rim to gtreem chamnel. The méaguvements were accomplished by a
slsple and inexpensive mesns using s method suggested by Emmett;
A simple and proven way to measures rates of hill-slope evosion i3
to take & 10 inch nail (sometimes called & apike), slip the nail
throupk 3 large washer, and drive the nail into the ground until
the oail head and the washer arve at the greund surfsee. Erosicn
snderainss the washer which then falls down a langth of the nail
equal to the amsunt of erosion,
Wooden stakes were aleo used. They were driven at a position & feet
upstrean from three amall nfckpoints nedr the bdesin texrminus and elong
the top of & smell slump scsrp on the umexposed velley wall ia the 21°
to 409 glope zona. The mm devices ware established on April 1,

f“mum W Mtt, 1
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1967, and rechecked on June 11 and 12, 1967, when the author returned
to the area for further fileld recomnaissance.

During the time span, April 1, 1967, to Jume 12, 1967, approx-
imately 7 inches of precipitatisn fell in the southwest area of North
Dakota.47 During this time the mean erosion measured on ﬁhe 41% to
90° glope zone was 0,15 inches, while the mesn erosion measured on the
21° to 409 slope zone was 0.06 inches. No vslues were avsilable for
the 9° to 20° glope zona; ixmw‘#, 0,25 inches of accumulation wae
measured at one nail in the 0° to 8% slope zone. The wooden atakes
reeorded an-‘ﬁ;ii;ﬁrew ratreat of the thres nickpoints from basin
terminus of (1) 1.3 feet, (2) mo messurable retrest, and (3) 3.2 feet,
respectively. | ﬁn change was izm;;‘,.caabm arvound the slump ac:ar;}; however,
the pre'sence’ of aumerous small recant scarps in the 21° o ﬁ@“ zone
indicates t:h.a%: mass movements are active ia that zone. The “hmocky
cap&gmphy ca};sed by the mass mwmnéa is probably the reason for the
larger standard deviation of slopes within the 21° to 40° zone.

There gx’{é a number of gﬁeblm involved in attea:ptingv to meagure
erosion. Fm: example, the waai&éra around the nails tend to create a
pedestal rathar :han falling dm the unii after belng undermined as
Epmett enggeamd. Algo, after prelonged periods of time the washers
tend t;ncar:ndé and form a wstbmd with the nail. Finding the
location a‘f; ?~révim1y placed mmg devices can be & major problem

if their locations are not properly recorded dnd marked; this is

especially true vhen they sre left unattended for extended periods of

time . &l:zs; 1f the area hag ‘Stétazng wintex tmxamms m spikes

(Mmrckz mm reau. Apru thmugi; June, 1967) ;.

)
1S
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must be long enough to extend well below the freeze-thaw zone in order
- to avold the effects of frost heaving, The wooden stakes used to
measure nickpoint retreat were the more accurate of the devices used
because nickgeina retreat was messured in feet rather than in tenths
of inches. However, the accurscy of all the erosional measurements

in thig study could be questioned if they were to be uged in calcue
lating an erosional budget for the basin or establishing erosional
rates. Nevertheless, they are useful in presenting sn overall picture
of the magnitude of the erosional processes shaping the slepes in

the study area.

Surface Material Classes

An expression of the gurface materisl in an ares is dependent
upon the natural occurrence of surfsce material categories in that
area. Once the bsslc elements have been differentiated, a refinement
of detail can be carried to any degired degree and presented in a
quantitative mannez. S8 A topographic appraisal of the study area
revesled the presence of thres major types of surface material: areas
of expoged bedrack. zoil covered areas, and areas of alluvial f£ill. A

more detailed reconnaissance of the study ares revealed that a further

divigion of the soil covered area would be useful in deacrihing the surfsce
materials present; hence, it was subdivided inko two groups~-pooxly devel~

oped soila andvuellndevulapeﬁ goils. The final partition of the surface

#Bﬁdwia H. Hammond, YAn 0bjaeziva Appraach to the ﬁesariptian of
Ta:rain " Abatract-Apnalg, Asso { At n Geogy .
44 {1?34), pe 210, (Rgfaraﬁce frva mﬁuaag:apked capy of complete text

of paper, p. 3).

i

e I
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compogition waa inte four classes which were differentisted and
'iéen::ified in the field on the basis of their econtent and physical
appearance a5 proviously described in the introduction. The four

clagses are!

1. Exposed bedrock Found in areas of steep slcpes,
‘ mostly within the 419 to 90"
slope zone « :
2, Paorly developed mila . Pound in areas where the alopes

are gentle enmigh to allow the i
beginning of a soil mantle yet :
ateep enough to inhibit theirx A
dewmpmgtg mogtly within the i
219 o 407 zone : ' '

3. Uell-developed soils Found in areas with slopes SR
: gentle and motist enough for a S
hizh degree of soil éevelomnc. '
mostly in the 9% to 20° slope
zone and on the mxpoaeé valley
walil

4, Alluvial £111 ‘ : Found almost everywhere within
, : the basini however, the only
significant sccumulation {8 in
the high ovder ae:rexm valleya,
mostly in the 09 to 8° alope
zone

A map shwingvthe location of the varicus surface materials within the
basin is presented in ?1guraf";f5% The map is subjective because fileld

tdentification vas made entirely from the qualitative attributes of the.

various surfiace material c!&#ﬁé&- Reverthelesa, cmiﬂem:y of the

obsexvations make the wmap a éépﬁesé&mﬁm of four given aigxfiﬁg

paterial classes within the atudy area.
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Frequency Diatribution of Surface Material

The areal distribution of the surfsce materials has been presented
in map form. The map shows location of the surfsce materials within
. the study area but tells little about the relative magnitude each
class occupies. An "overall picture” of the relative percentage of
area accupied by émch clams is summarized by a frequency distribution
hisgtogram in Figure 16, A comparigom of the diagram with the slope
zone histogram in Figure 14 shows that alluvial £il1l and the 0° to 8°
aldée zone occupy approximately the same area. Similarly, the exposed
bedrock and 417 te 90° slope zome ave approximately equal in ares.
However, welledeveloped goila ocoupy 24% move area than the 9° to 200
giope zone, and the poorly developed soils occupy 20% less than the
219 to 40° slope zome. This indicates that the developed soils are
found on slopes up to 25% and higher; whereas, the poorly developed
soils arve found in @ more limited slope range of approximately 30°
to 409, A possible yveason for the high percentage of well-developed
soils may be the stabilizing effect of the vegetation occupying the
higher slopes on the unexposed valley walls (See the vegetation

goveraze map in Figure 17).

Vegetation Qoverage Zones

Varying vegetation densities rveflect differences in slope
exposure, soll, and moisture. The vegetation cowerage in the study
grea fluctuates sessonably snd ia an important factor in gontrolling

exogion. Pout zones were veguliawly gsleered in order Lo rapreaent

vegetation coverage within the study avea because vegetation is
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dependent upon numercus vavisbles sad there was no ¢ priori basis
upon which to define the vegetstion coversge zones, The zones of

coverage dsed in this atudy aves

i. o to 25% Typleal of exposed valley ﬂails, ampma
Mmk mrfmu. acd gteep ‘1@;’"3 41°
to 30°

2, 26 to 50% Typical of steep slopes, 309 to 50° on

X the unexposed valley wall whexe poorly
developed goil {a present

3, 51 te 7R Typical of the 21° to 40° slope zone on
the unexposed valley wall iu the transi-
tion zones between well and poorly

, developed solla

4. 716 to 100% Tgpiaal of well«developed soiles in the
0% to 40° slope range oa the unexposed
valley wall

A map of vegetation coverage zonss within the study ares is

presented in Figuve 17, The fact that the field measuvements used in
drafting the map were made during the period of maximum vegetation
coverdge likely causes the map snd freguency distribution to show »
vegetation density somewhst higher than the mean annual coverage.

As mentioned ¢arlier, 50% of the mumﬁ in the region oceurs during
Moy, June, aad July, leaviang the remsinder of the year with little

moisture in an already moisture deficient arews.

Frequency Plstribution of Vepstation Coverxage

The frequency distribution of the vegetation coverage 1is repre~
sented by the histogram in Pigure 18 and shows that the 76 to 1003
category occupies the largest smount of avea in the drainage basin,
Although this s somewvhat unexpected in badland topography, 1t is
understandable becsuse the wellsdeveloped soils occupy the groestest

area of surface materisls and the 219 to 40° slope zone occuples the

o
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greatest area of slope zonas. 'n%w‘ least vegetationscovared zone,
0 to 25%, is second in percentags of aves occupied, with the 41° fo
0% slope zones second in sves coverage of slopes and exposed bedrock,
second in sorfsce-material coverage. The other categories do not show
a2 high & degrea of inter-relationship as thowse described abowe becsuse
different degrees of overlap eccur hetwsen the individual zones and
clagges in the tvansifion zonse.

The mean, veriance, s#ad stsudard deviatien of the iladividaal

wegatation covezage :m are given in Table 6.

TANE &
PONDAMENTAL STATISTICS OF THR VECETATION COVERAGE

Vegstition
Coverage " Standard

o to 251 13.80% 36.73 6.062
26 to 50% | 33.99% 47 .47 ‘ 6.817
51 to 75% 63,33% 31.67 e
76 to 1003 |  92.35% 62,56 7.910




CHAPTER IV
SIMMARY AND CONCLUSIONS

The land surface eonfiguration of a fourtheorder drainage
bagin in the Harth‘ﬂakotu Badlanda has been described in its three
dimensionsl form by considering its surface geometry, sreal relstion~
ships, proportiopal relief, and surface elements. A combination of
vaziousz known &escfiptive technigues and morphological laws were used
to represent the raw landform as 8 functional and specific description
of the surface form. As & vesult of the above procedures the following
comments may'he made about their application to the study area.

i. The drainage system generally confo:#s to prescribed laws of
drainage cﬁmgositiaa.v The minor éevtaticna of the system from these
lawg can be explained in temms of geometric irregularities found to
exist within the basin. |

2. i&e'biﬁnre&ttﬂn ratioc of the study ares characterizes the basin

as being rotund shaped with . hydraulic discharge occurring in a

short time epan,

3, The amount of square aiaa necessary for the maintenance of
one foot of stream chaannel within the basin is 215 square feetkaad the
amount of haéin,azea drained by any specific length of gtream channel
is a function of the regression line equation y = 0.292x + 5.699.

4. The elongation ratic and texture indexes representing the

study ares are analogous to those detemined ﬁg: othe: badland areas

35
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in comparative studies.

5. A hypsometric analys;s of the study area's relief properties
indicates that approxzimately one-half the original mase of the dyainage
basin has been rewmoved by erosional processes and that the basin is
presently in & stage of erosional equilibrium.

6. The surface elements of the study ares dppear to be dependent
upon the location and frequency distribution of one another and appeaxr
to be directly affected by slope exposure to the sun's radiation.

» This thesais iz the only known study cnaéarning a detailéd
moxphological description of North Dakota Badland topography. It has
s&awn gome of the topographic sspects to be typical of other badiand
areas and some to be unique to the study area. It is believed that
further investigation of the surface forme in drainage basins with
different orientations and locations within the region would be fruitful.
Such studies could be uged to determine the topographic variation
between locations and serve as reépregentative arees for deéseribing and
mapping the surface elements of the entire badland area on a smaller
ascale. Xt is hoped that the information presented in this study can

gerve as an impetus and guide for continued studies and geographical

understanding of the badland avrea in North Dakota.




APPENDIX

Statisticel Yormulae Used in the Tabulation
and Fresentation of Basic Data

The mean = £ X
N

The variance *gg’*’, - (X32
N y

Standard deviation = \/ 2, @2
L@

Begresaion line = ¥ = ¥ + b (%-%)

Coefficient of correlation = Coy XY
T ¥
where
X = an individual value or one of a series
EX » guspsation of all values v.mdei congsideration
N = number of ocourrences of X
X = mean of values for set of data
¥ = mean of values for Y set of data

£XY¢ = gummation of the products of corresponding values of
X and Y set of data

£X? = sysmation of the squares of each X value
g = predicted value of Y vhen given a value for X

X = standard deviation for X set of values

°Y = stendard deviation for Y sct of values

b = Coy XV —
Variance of X set ei data
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